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evidence of growth of the newly formed particles. From these
measurements, we estimated that the nanoparticles grew at rates
ranging from roughly 2 to 5 nm h'!, about a factor of 4 to 17
times higher than growth by condensing H SO 4, and associated
H,0. These rates are similar to our observations of nanoparticle
growth at a clean continental site, where we speculated that
enhanced growth was due to naturally occurring species, such as
oxidized terpenes. It is unclear what accounts for the fast
growth rates observed in this study. Future work will examine
the role of NHj ) using currently unavailable data.

Acknowledgments. We thank the National Center for Atmospheric
Research (NCAR) Research Aviation Facilities (RAF) for the use of
their data. The National Center for Atmospheric Research is sponsored
by the National Science Foundation. This research is a contribution to
the International Global Atmospheric Chemistry (IGAC) Core Project of
the International Geosphere-Biosphere Program (IGBP) and is part of
the IGAC Aerosol Characterization Experiments (ACE). This research
was supported by NASA through grant NAGW-3767. Research at BNL
was performed under the auspices of the U.S. Department of Energy
contract DE-AC02-76CH00016 Atmospheric Chemistry Program within
the Office of Health and Environmental Research.

References

Bates, T. S., V. N. Kapustin, P. K. Quinn, D. S. Covert, D. J. Coffman,
C. Mari, P. A. Durkee, W. J. DeBruyn, and E. S. Saltzman, Processes
controlling the distribution of aerosol particles in the lower, marine
boundary layer during ACE 1, J. Geophys. Res., this issue (a).

Bates, T. S., B. J. Huebert, J. L. Gras, F. B. Griffiths, and P. A. Durkee,
The International Global Atmospheric Chemistry (IGAC) Project's
First Aerosol Characterization Experiment (ACE 1): Overview, J
Geophys. Res. , this issue (b).

Brechtel, F. J., S. M. Kreidenweis, and H. B. Swan, Air mass
characteristics, acrosol particle number concentrations, and number
size distributions at Macquarie Island during ACE 1, this issue.

Charlson, R. J., J. E. Lovelock, M. O. Andreae, and S. G. Warren,
Oceanic phytoplankton, atmospheric sulfur, cloud albedo and climate,
Nature, 326, 655-661, 1987.

Clarke, A. D, J. L. Varner, F. Eisele, L. Mauldin, D. Tanner and M.
Litchy, Particle production in the remote marine atmosphere: Cloud
outflow and subsidence during ACE 1, J. Geophys. Res. , this issue.

Easter, R. C., and L. K. Peters, Binary homogeneous nucleation:
Temperature and relative humidity fluctuations, non-linearity, and
aspects of new particle production in the atmosphere, J. Appl.
Meteorol., 33, 775-784, 1994.

Eisele, F. L., and D. J. Tanner, Measurement of the gas phase
concentrations of H,SO, and methane sulfonic acid and estimates of
H,S0, production and loss in the atmosphere, J. Geophys. Res. , 98,
9001-9010, 1993.

Hegg, D. A, L. F. Radke, and P. V. Hobbs, Particle production
associated with marine clouds, J. Geophy. Res., 95, 13,917-13,926,
1990.

Hegg, D. A, D. S. Covert, and V. N. Kapustin, Modeling a case of
particle nucleation in the marine boundary layer, J. Geophys. Res., 97
, 9851-9857, 1992.

Huntzicker, J. J., R. A. Caryke, and C. S. Ling, Neutralization of sulfuric
acid aerosol by ammonia, Environ. Sci. Technol., 14, 819-824, 1980.

Jaecker-Voirol, A., and P. Mirabel, Heteromolecular nucleation in the
sulfuric acid-water system, Atmos. Environ. , 23, 2053-2057, 1989.

Jefferson, A., F. L. Eisele, P. J. Ziemann, J. J. Marti, R. J. Weber, and P.
H. McMurry, Measurements of the H,SO, mass accommodation
coefficient onto polydisperse aerosol, J. Geophys. Res., 102, 19,021 -
19,028, 1997.

Kerminen, V., A. Wexler, and S. Potukuchi, Growth of freshly nucleated
particles in the troposphere: Roles of NH 3, H,S0,, HNO,, and HCI,
J. Geophys. Res., 102,3715-3724, 1997,

Kreidenweis, S. M., J. E. Penner, F. Yin, and J. H. Seinfeld, The effects
of dimethylsulfide upon marine aerosol concentrations, Atmos.
Environ. , Part A, 25,2501-2511, 1991.

Lin, X., W. L. Chameides, C. S. Kiang, A. W. Stelson, and H.
Bermresheim, A model study of the formation of cloud condensation
nuclei in remote marine areas, J. Geophys. Res., 97, 18,161-18,171,
1992.

WEBER ET AL.: PARTICLE FORMATION AND GROWTH FROM BIOGENIC GASES

Lindeboom, H. J., The nitrogen pathway in a penguin rookery, Ecology,
65, 269-277, 1984.

Marti, J. J., A. Jefferson, X. P. Cai, C. Richert, P. H. McMurry, and F.
Eisele, H,S0, vapor pressure of sulfuric acid and ammonium sulfate
solutions, J. Geophys. Res., 102, 3725-3735, 1997a.

Marti, J. J., R. J. Weber, P. H. McMurry, F. L. Eisele, D. J. Tanner, and
A. Jefferson, New particle formation at a remote continental site:
Assessing the contributions of SO, and organic precursors, J
Geophys. Res., 102, 6331-6339, 1997b.

McMurry, P. H., H. Takano, and G. R. Anderson, Study of the ammonia
(gas)-sulfuric acid (aerosol) reaction rate, Environ. Sci. Technol., 17,
347-352, 1983.

Mizutani, H., and E. Wada, Nitrogen and carbon isotope ratios in seabird
rookeries and their ecological implications, Ecology, 69, 340-349,
1988.

Nemesure, S., R. Wagener, and S. E. Schwartz, Direct shortwave forcing
of climate by the anthropogenic sulfate aerosol: Sensitivity to particle
size, composition, and relative humidity, J. Geophys. Res., 100,
26,105-26,116, 1995.

Perry, K. D., and P. V. Hobbs, Further evidence for particle nucleation in
clear air adjacent to marine cumulus clouds, J. Geophys. Res., 99,
22,803-22,818, 1994.

Raes, F., Entrainment of free tropospheric aerosols as a regulating
mechanism for cloud condensation nuclei in the remote marine
boundary layer, J. Geophys. Res., 100, 2893-2903, 1995.

Raes, F., A. Saltelli, and R. Van Dingenen, Modelling formation and
growth of H,SO,4-H,0 aerosols: Uncertainty analysis and
experimental evaluation, J. Aerosol Sci, 23, 759-771, 1992,

Russell, L. M,, S. N. Pandis, and J. H. Seinfeld, Aerosol production and
particle growth in the marine boundary layer, J. Geophys. Res., 99,
20,989-21,003, 1994,

Selkirk, P. M., R. D. Seppelt, and D. R. Selkirk, Subantarctic Macquarie
Island, Cambridge Univ. Press, New York, 1990.

Stolzenburg, M. R., and P. H. McMurry, An ultrafine aerosol
condensation nucleus counter, Aerosol Sci. Technol., 14,48-65, 1991.

Tyndall, J., On a new series of chemical reactions produced by light,
Proc. R. Soc. London, 17,92-102, 1868.

Weber, R. J.,, P. H. McMurry, F. L. Eisele, and D. J. Tanner,
Measurement of expected nucleation precursor species and 3 to 500
nm diameter particles at Mauna Loa Observatory, Hawaii, J. Atmos.
Sci., 52, 2242-2257, 1995.

Weber, R. J,, J. J. Marti, P. H. McMurry, F. L. Eisele, D. J. Tanner, and
A. Jefferson, Measured atmospheric new particle formation rates:
Implications for nucleation mechanisms, Chem. Eng. Commun, 151,
53-64, 1996.

Weber, R. J.,, J. J. Marti, P. H. McMurry, F. L. Eisele, D. J. Tanner, and
A. Jefferson, Measurements of new particle formation and ultrafine
particle growth rates at a clean continental site, J. Geophys. Res., 102,
4375-4385, 1997a.

Weber, R. J., M. Stolzenburg, S. Pandis, and P. H. McMurry, Inversion
of UCNC pulse height distributions to obtain ultrafine (~3 to 10 nm)
particle size distributions, J. derosol Sci. , submitted, 1997b.

Went, F. W, Blue hazes in the atmosphere, Nature, 187, 641-643, 1960.

Went, F. W,, On the nature of Aitken condensation nuclei, Tellus, 18,
549-555, 1966.

Wolfenbarger, J. K., and J. Seinfeld, Inversion of aerosol size
distribution data, J. Aerosol Sci., 21, 227-247, 1990.

D. Baumgardner, G. L. Kok, and R. D. Schillawski, Research
Aviation Facility, National Center for Atmospheric Research, Boulder,
CO 80307. (email: darrel@ncar.ucar.edu; kok@ncar.ucar.edu;
rschill@ucar.edu).

F. J. Brechtel and S. M. Kreidenweis, Department of Atmospheric
Science, Colorado State University, Fort Collins, CO 80521. (email:
fredb@acrosol.atmos.colostate.cdu; soniak@aerosol.atmos.colostate.edu).

F. L. Eisele, L. Mauldin, and D. J. Tanner, Atmospheric Chemistry
Division, National Center for Atmospheric Research, Boulder, CO
80307. (email: ecisele@ncar.ucar.edu; mauldin@acd.ucar.edu;
tanner@ncar.ucar.edu).

P. H. McMurry, Particle Technology Laboratory, Department of
Mechanical Engineering, University of Minnesota, Minneapolis, MN
55455. (email: mcmurry@me.umn.edu).

R. J. Weber, Environmental Chemistry Division, Brookhaven
National Laboratory, Upton, NY 11973-5000. (email:
rweber@bnl.gov).

(Received May 30, 1997; revised August 19, 1997;
accepted August 27, 1997.)





